The aim was to study the prevalence of comorbidities in rheumatoid arthritis (RA) patients in everyday clinical practice and their association with disease-specific and demographic factors. The multi-center study recruited 3,247 (at 14 centers, and 265) were excluded due to incomplete data. The number of subjects considered for the analysis was 2982. The mean (±standard deviation) age was 48.98±12.64 years and the male-to-female ratio was 1:5. The data was collected based on a pre-structured pro forma by trained clinical research associates through interview and verification of charts and reports available in the patient records. The following comorbidities were studied: cardiovascular disease, hypertension, diabetes mellitus, hypercholesterolemia, thyroid disease, psychiatric diseases like depression, and pulmonary disease. Hypertension (20.7%), diabetes mellitus (14.4%) and thyroid disease (18.3%) were the most prevalent comorbidities. Hypercholesterolemia (5.3%), pulmonary diseases (2.1%), cardiovascular diseases (0.2%) and depression (0.03%) were prevalent in ≤5% of the study population. The overall presence of comorbidity increased with age and reduced with the duration of illness prior (DOIP). The age, gender, and DOIP differed significantly between groups with and without hypercholesterolemia. Females had a statistically increased prevalence of thyroid disease. The prevalence of comorbidities in RA patients from south India is around 40% and the incidence of comorbidity increased with age. As per the literature evidence, the prevalence in the current study subjects was higher when compared to prevalence of similar diseases occurring in the general south Indian population.
n INTRODUCTION R heumatoid arthritis (RA), a chronic debilitating autoimmune disorder affecting multiple joints, is associated with reduced life expectancy. Comorbidities in RA are defined as one or more additional disorders (or diseases) associated with a primary disease (1). Prevalence of comorbid conditions with RA vary across different countries from 3% to 60% (2, 3). However, certain studies have reported a high prevalence (up to 80%) of one or more comorbid conditions (4) . Effective management of RA has improved the survival rate, but the presence of associated comorbidity has a negative impact on the outcome (5) (6) (7) (8) . In addition, the comorbidities influence interview by trained clinical research associates, and involved verification of charts and reports available in the patient records. Patients' disease activity was assessed using the 28-joint disease activity score based on erythrocyte sedimentation rate (DAS-28 ESR) and the medication history for each patient was also obtained. Patients' demographic data collected included duration of illness prior (DOIP): duration of symptoms related to RA prior to the first visit to rheumatologist/diagnosis, and duration of follow-up (DOF) with rheumatologist: duration of patient follow-up with rheumatologist. The total duration of disease (TOD) was the sum of DOIP and DOF. The study evaluated the following comorbidities: CVD including myocardial and cerebrovascular ischemia, infarction and stroke, HTN, DM, hyperlipidemia, thyroid disease, psychiatric diseases like depression, and PD (bronchial asthma and COPD). The details of disease variables related to comorbidity were also collected. The patients meeting the American Diabetes Association (ADA) criteria were considered to have DM. Subjects not on regular anti-diabetic medication were classified based on the verification of either blood sugar or glycated hemoglobin report. The patients who were diagnosed to have bronchial asthma and using inhalers, or diagnosed to have COPD, were categorized under PD. Interstitial lung disease without any previous PD was considered as an extra-articular feature and not as a comorbidity. However, patients who had both were counted in both the events. The patients were examined for the presence of any clinical symptoms related to the cardiovascular events. The status of cardiovascular disorders was determined through recollection or self-declaration. In subjects with positive ECG finding, echocardiography or any other proof of specific diagnosis was considered. The patient was classified to have HTN if she/he had a confirmed diagnosis and was on anti-hypertensive/s. The patient was considered to be suffering from dyslipidemia (hypercholesterolemia) if total cholesterol was >240 mg/dL and triglyceride >200 mg/dL based on NCEP the treatment choice, outcome, and quality of life and pose major challenges in the adoption of management strategies of RA (9, 10) . Hence, the data on comorbidity and the associated factors could be beneficial in customizing the management strategies and identifying determinants of comorbidity. There is limited literature evidence from India pertaining to comorbidities in RA. Recognizing the lacunae, Karnataka chapter of Indian Rheumatology Association had organized a cross-sectional study titled Karnataka Rheumatoid Arthritis Comorbidity study (KRAC) primarily to collect the data on prevalence of comorbidities in RA patients. The study was also intended to evaluate the demographic characteristics and factors influencing the comorbidities such as age, gender, and duration of the disease. The comorbidities studied included diabetes mellitus (DM), hypertension (HTN), cardiovascular disease (CVD), thyroid disease, hypercholesterolemia, psychiatric diseases such as depression, bronchial asthma, and chronic obstructive pulmonary disease (COPD) classified under pulmonary diseases (PD).
n PATIENTS AND METHODS
The observational, cross-sectional, multicentric study was conducted at 14 centers across Karnataka (India), from September 2014 to July 2015, as part of KRAC, under the supervision of rheumatologists. The participation was voluntary and the study centers involved both academic and nonacademic rheumatology specialty units. The study was approved by the ethics committee of the respective institutions and there was adequate representation of centers across the state of Karnataka. Subjects above 18 years of age, who fulfilled the 2010 American College of Rheumatology/ the European League against Rheumatism (EULAR) classification criteria for RA, were enrolled in the study by the cluster sampling method (11) . Consecutive patients who consented to participate in the study were recruited from each center on the specified days. The data was collected based on a pre-structured pro forma as an N o n -c o m m e r c i a l u s e o n l y ORIGINAL PAPER guidelines with the test performed within 6 months before recruitment, or was managed by a cholesterol lowering drug based on a previous assessment (12) . The status was considered unknown if the test was not performed. Patients with abnormal thyroid function test (TFT) or on replacement therapy were classified as having thyroid disease. Subjects were classified as normal or abnormal based on the TFT test and those without the test findings were marked as status unknown. The psychiatric disorders such as depression were noted only if the patient was diagnosed with the disease and needed regular psychiatrist consultation. The independent variables considered for the analysis of prevalence of comorbidity were: age, gender, smoking history, DOIP, DOF with rheumatologist, TOD, and type of combination of disease-modifying antirheumatic drugs (DMARDs) used. The age was grouped into: <30 years, 30-39 years, 40-49 years, 50-59 years, and ≥60 years. The DOIP was classified as: ≤6 months, 6 months-2 years, 2-10 years, and >10 years. The treatment was grouped as single, double, triple and four drugs DMARD combinations. The TOD and DOF were taken as continuous variables. The presence or absence of comorbidity was taken as a dependent variable and analyzed separately for all the comorbidities. Occurrence of any one of the comorbidities was assessed separately as presence of comorbidity. The groups were compared for demographic and clinical characteristics, and drug usage by Mann-Whitney U test for continuous variables and chi-square for categorical variables. Fisher's exact test, instead of chi-square, was used wherever the number of the expected count was <5. Univariate logistic regression was performed to measure the association between the dependent variables and the independent variables. p value ≤0.2 was considered as the cut-off for inclusion of variables in multivariate analysis. A multivariate logistic regression was performed to verify the factors associated with the RA patients having comorbidity. Univariate and multivariate analyses were performed for presence of any comorbidity and for each of the comorbid conditions noted in the study. The 95% confidence interval was noted and p value <0.05 was considered significant. The age group <30 years, male gender, non-smoker, DOIP ≤6 months and single DMARD were considered as reference groups for the logistic regression analysis. Statistical Package for the Social Sciences (SPSS 22) was used for statistical analysis.
n RESULTS
The multi-center study recruited 3247 subjects at 14 centers, out of whom 265 patients were excluded due to incomplete data. The total sample size considered to assess the presence of comorbidity was 2982. The number of cases considered for each comorbidity was: PD: 2981, CVD: 2949, DM: 298, HTN: 2980, hypercholesterolemia: 1827, and thyroid illness: 1992. However, psychiatric disorders were not included for analysis as there was only one patient (0.03%). The mean (±standard deviation) age of the total number of study participants (2982) was 48.98±12.64 and the male-to-female ratio was 1:5. The median TOD was 48 (0.5-492) months. The corresponding median DOIP and DOF were 12 (0.2-470) months and 24 (0-484) months. Among the 2294 (76.9% of the total) subjects tested, 1955 (85.2%) were positive for rheumatoid factor (RF). Six hundred and sixty-eight patients were considered undetermined due to the unavailability of test reports. Anti-citrullinated protein antibody (ACPA) positivity was reported in 246 (79.1%) out of the 311 (10.43% of the total) tested subjects. The proportion of patients with one or more comorbidities was 40.3% (n=1203). The corresponding percentages of subjects with one, two, three, and four comorbidities were 25.65% (n=765), 9.36% (n=279), 2.21% (n=66), and 0.44% (n=13). The descriptive characteristics of study subjects with diverse comorbidities are given in Tables I and II 
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monly used double DMARD combination was methotrexate and hydroxychloroquine (60.7%), followed by methotrexate-leflunomide (3.4%), hydroxychloroquine-leflunomide (2.6%), methotrexate-sulfasalazine (0.8%), hydroxychloroquine-sulfasalazine (0.8%), and leflunomide-sulfasalazine (0.03%). The triple drug combination comprised of methotrexate, hydroxychloroquine along with leflunomide (10.8%) or sulfasalazine (2.5%). Four drug combination included methotrexate, hydroxychloroquine, leflunomide, and sulfasalazine (0.2%). Very few subjects received D-penicillamine, azathioprine, cyclosporine/tacrolimus, mycophenolate and other DMARDs as triple/four drug combinations. Three hundred and nineteen (10.7%) patients had received biologics and none were on active treatment with biologics at the time of study. Hence biologics were not considered for analysis. The comparison of demographic and clinical characteristics of RA subjects with and without comorbidities is given in Tables  I and II . Significant difference with re- Table I -Descriptive characteristics of rheumatoid arthritis patients with comorbidity, bronchial asthma and chronic obstructive pulmonary disease, chronic heart failure and diabetes mellitus.
Variables* Groups
Comorbidity ( Comorbidities and related factors in rheumatoid arthritis patients ORIGINAL PAPER gard to age groups was noted in subjects with presence of comorbidity, PD, DM, HTN and hypercholesterolemia. Among the age groups, RA patients with ≥60 yrs had increased presence of any comorbidity (47.4%), PD (3.4%), DM (18.7%) and HTN (27.2%). Percentage-wise, the higher prevalence of hypercholesterolemia was in ≥60 yrs (7.1%) and <30 yrs (7%) age groups. The CVD and thyroid illness was more frequent in 30-39 yrs and <30 yrs age groups (21.9%) respectively. PD patients also showed a trend towards significance (p=0.056) for smoking history. In addition to age, gender and DOIP also differed significantly between groups with and without hypercholesterolemia. The frequency of hypercholesterolemia was higher in males (9.1%) compared to females (4.6%). Patients with >2-10 yrs DOIP (6.5%) and ≤6 DOIP (6.3%) had increased incidence of hypercholesterolemia. Gender was significantly associated for thyroid disease. The frequency of thyroid disease was higher in females (19.1%) than male patients (13.7%). The remaining variables did not 
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differ between the groups for these comorbidities. However, no significant difference for any of the assessed variables was noted for subjects with CVD. Tables III and IV . Difference in age groups has been identified as a significant independent predictor for presence of comorbidity. The age group ≥60 years demonstrated a 56% increased likelihood of comorbidity than the reference group of <30 years. The probability of comorbidity reduced with DOIP. The subgroup with >120 months of DOIP had 30% less likelihood of comorbidity than the DOIP group of ≤6 months. A statistically significant association for age with DM and HTN has been noted. The corresponding increases in likelihood of having DM and HTN were 81% and 72% in the Smokers had an OR of 1.9 of having dyslipidemia compared to non-smokers; however, smoking had 95% CI crossing 1. The likelihood of thyroid disease in female RA patients was 49% more than in males. The RA patients on triple and four DMARD combinations were 1.55 and 4.46 times more likely to have thyroid disease, respectively, compared to subjects on single DMARD therapy. DOIP was not associated with thyroid disease. Overall incidence of PD and depression were found to be 2.1% and 0.03% respectively. PD did not show association with any of the independent variables, except smoking (OR: 2.7; 95% CI: 0.955-7.820), but the association was not statistically significant.
n DISCUSSION AND CONCLUSIONS
In the present study, the prevalence of comorbidities in RA patients in south Indian population was observed to be 40.3%. The commonly observed comorbidities were HTN (20.7%), DM (14.4%) and thyroid disease (18.3%). Other comorbidities like hypercholesterolemia, PD, CVD and depression were prevalent in ≤5% of the population. The overall presence of comorbidity increased with age and reduced with the DOIP. Increased association of comorbidities with patients in higher age groups is found in similar studies. The reduced association with DOIP could be due to the occurrence of less severe disease in RA patients with >120 months and their late visit to the rheumatologist (maybe due to low intensity of disease). These patients have less likelihood of comorbidity compared to patients with severe disease course (13) (14) (15) . Prevalence of comorbidities like HTN and DM was lower in the current study subjects compared to similar studies reported from other parts of the world. Prevalence of HTN was found to be maximum in ≥60 years (27.2%), followed by 23.3% in 50-59 years, and 13-17% in patients of <49 years. (17) . The prevalence of HTN in the present RA population appeared equal or higher when compared to reported studies of the general population in India. The Chennai Urban Population Study (CUPS) had reported 21.1% (age ≥20 years, n=1262) prevalence of HTN, while the age-standardized prevalence was 17.0% (18) . Another south Indian study titled the Chennai Urban Rural Epidemiological Study (CURES-52) had reported 20% overall presence of HTN and 6.6% self-reported prevalence (19) . In contrast to the aforementioned studies, which had adopted active detection methods for diagnosing HTN, the present study has relied only on self-reported data collection. Applying the rule of half to the current study, we can expect a moderately higher prevalence of HTN in RA patients. The rule of halves theory suggests that half of the prevalent cases are not known or diagnosed, half of those are not treated and half of those treated are not controlled (20) . Al-Bishri et al. had reported DM as one of the common comorbidities (30.9%) in RA patients (n=340) (16) . COMORA reported 14% prevalence of DM in RA patients worldwide (2). The Indian study on the general population, CURES-17 study had found 14.3% (Age ≥20 years, The present study indicates the likelihood of diabetes to be higher in the age group >60 years (OR: 1.814). Whereas incidence reduced after a peak at 50 years of age in the general population, as per the CURES 17 study (24) . However, the present prevalence is significantly lower when compared to international studies involving RA patients. The mean age of the RA patients reported in certain international studies is a few years higher than in our study. The prevalence of thyroid disease was higher (18.3%) in the present study subjects, with higher preponderance in women than men, when compared to the general population in south India and international studies. Furthermore, the disease was more prevalent in young RA patients between 30-39 (21.9%) of age. The multi-center, epidemiological study conducted in eight major cities in India by Unnikrishnan et. al. had observed the prevalence of hypothyroidism in the general population to be 10.95%, out of which 7.48% was self-reported condition (mean age 46±14.68, n=5360) (25) . The retrospective study by Mosli et al., involving 151 RA subjects, had reported the prevalence of hypothyroidism to be 4% (n=151) (26) . The prevalence of thyroid disease reported by Espiño-Lorenzo et al.
was 13% (27) . The prevalence of thyroid disorders noted in a Colombian cohort of RA patients was 9.8% (mean age 51.92, n=800) with higher levels of thyroid antibodies (28 (29) . Moreover, the prevalence was higher in patients with early RA (6-24 months). The prevalence of hypercholesterolemia in the COMORA study (n=4586) in RA patients was 31.7% (2). Similar to this finding, Espiño-Lorenzo et al. had reported 33% prevalence of hypercholesterolemia in RA patients (27) . The current study has considered only the patients who had undergone the test within the 6-month period of the date of screening. This could be the reason for the underestimation of the prevalence. Another reason could be that a larger proportion of the patients was on hydroxychloroquine, which has a cholesterol-lowering effect (30 (33) . As expected, the likelihood of hypercholesterolemia was higher in smokers (OR: 1.877). Decrease in likelihood of hypercholesterolemia with increase in age noted in the current study could be due to hydroxychloroquine therapy (34) (35) (36) (37) . Moreover, these patients had decreased likelihood of hypercholesterolemia with increase in DOIP, suggesting that the reduction in hypercholesterolemia may be because of less severe RA.
As per the literature evidence, the prevalence of CVD in RA patients varies in different countries (1% in Morocco and 17% in Hungary) (2). The disease prevalence noted in the present study was 0.2%. The low prevalence of cardiovascular morbidity could be due to the younger age of our population and the adoption of self-reporting for patient recruitment rather than proactive disease screening. Low incidence of hypercholesterolemia and hypertension found could have contributed to low prevalence of CVD in the current study. Depression is a commonly observed comorbidity in RA patients; however, its prevalence varies across the world (2% in Morocco, 33% in USA) (2). In the present study, the criterion for diagnosis of depression was confirmation by a psychiatrist and it should be severe enough to need management with drugs. This may be the reason for the reduced prevalence of depression in our study. Increase in likelihood of bronchial asthma and COPD was noted with increase in age and constant with duration of illness. The study has achieved its main objective of estimating prevalence of comorbidities and their association and its association with various demographic and clinical factors. In addition to the adequate size of the population considered, the subjects were recruited from both academic and non-academic practice. It is noteworthy that the sample size also represents both urban and rural subjects, and across all the income groups proportional to the population economics of the state. The adoption of cluster design of sampling and the power of the study add to the key findings. However, non-inclusion of patients on biologics therapy in the study may have led to patient selection bias, as such patients usually have more severe disease. The detection of comorbidity based on self-reporting and previously diagnosed status, which fact may could have contributed to the under-reporting of the prevalence. Lack of data was a concern in some subjects, since the status of thyroid, lipid test etc. was not available at the time of screening. However, the high number of patients is expected to compensate for these limitations. To the best of our knowledge, there is no study from India documenting the prevalence of all the comorbidities in a single population cohort. The overall incidence of comorbidities, except for DM, appears to be higher in RA than age-and sex-matched general south Indian population. The prevalence of comorbidities in RA patients is around 40%. HTN, DM and thyroid disease are the commonly noted comorbidities. There is increased prevalence of thyroid disease in female patients. The present study, describing the pattern of prevalence of comorbidities in different age groups, could be beneficial in optimizing the management strategies and to maximize patient benefit from early identification and intervention.
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